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PCR T 16S rDNA
, GenBank (G. kidako)
16S rDNA , GenBank
(Anguilla marmorata) 16S rDNA
1 MHETE
1.1 H&RR
¢ D,
9 . 3~6 5
[1]
[12]
(Anguilla
marmorata) s

, 1

Fz1 MR DNA FHIEERE
Tab.1 Sources of DNA sequence data and tissue samples of
studied animals

Genbank
JX914621
(Gymnothorax rueppeliae)
JX914618
(G. melanospilus)
JX914619
(G. pseudothyrsoideus)

JX914620

(G. reticularis)
JX914615

(G. fimbriatus)
. JX914617

(G. margaritophorus)

% JX914616

(G hepaticus)
JX914613

(G. berndti)
JX914614
(G. breedeni)
NC004417
(G kidako)

(Anguilla marmo- ABO21760

rata)

1.2 % DNA 83K

95% (-20°C
) DNA Sambrook /
SuL 1. 0% , 5V/cm,
-207C PCR
1.3 PCR¥ ¥ 5AFFIRZ
PCR , 1 PCR
2 PCR
Primer5.0 16S rDNA
2 Gym16SrRNAsen2 Gyml6SrRNA- ant2
Gym16SrRNAsen3  Gym16SrRNAant3,
s Gym16SrRNAsen2

5-CGTGCAAATCGAGTCGTCC-3', Gym16SrRNAant2
5'-TCTGCCACC TTAGC ATGCC-3', Gym16SrRNAsen3
5'-AGCCTGAACACAACCGTAACC-3', Gym16SrRNA-

ant3  5-CAGGTG GCTGCTTTTAGGC-3'

25 uL, Buffer dNTP  2.5uL, 16.2uL,
1.3 pL, mtDNA 1.0 puL, ExTagq
0.2 uL 94°C 4 min, 40
(94°C 0.5 min, 50°C 0.5 min, 72°C 2 min),
72°C 10 min PCR (
Buffer dNTP  ExTaq )
DNA
PCR 1.0% )
-207C
1.4 PCR > #H st 7
PCR ,
( )
DNA (TaKaRa Anarose Gel DNA
Purification Kit Ver. 2. 0)
PMDI18-T ,
M13H4
1.5 DNA /5| 4% 69 2L 32
blast Clustal X! DNA
DNASP4.0 10
MEGAS.0"*
/
; Neighbore-Joining(
NJ) Kimura 2-parameter ,
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Minimum Evolution( ME) , ,
Maximum Parsimony( MP) , R 16S rDNA

Bootstrap 1000 , 516 bp MEGAS.0

(GenBank : AB021760) C 2 2 ,

T 18.0%, C 22.1%, A 37.8%, G
) %% 22.2%
2.2 16S rDNA £ B K B 5 7
2.1 16S rDNA X Bk BF 5 K E R 10 168 rDNA
020 , 16S rDNA
blast Clustal X (D
F2 10 #iRHIEE 16S rDNA F B A< & FOR8 £ 4 A
Tab.2  Base composition of 16S rDNA gene fragments of ten species of Gymnothorax
T C A G A+T C+G (bp)
(Gymnothorax fimbriatus) 18.8 21.4 38.4 21.4 57.2 42.8 510
(G. pseudothyrsoideus) 18.7 21.6 38.3 214 57.0 43.0 514
(G kidako) 17.2 23.0 36.9 22.9 54.1 45.9 512
(G. rueppeliae) 17.2 22.7 37.7 22.4 54.9 45.1 512
(G. reticularis) 18.7 21.6 36.2 235 54.9 45.1 514
(G. margaritophorus) 18.7 21.8 37.2 22.3 55.9 44.1 513
(G breedeni) 18.2 22.1 38.1 21.6 56.3 43.7 512
(G.melanospilus) 19.0 21.1 36.8 23.1 55.8 44.2 511
R (G. hepaticus) 16.7 22.7 38.8 21.8 55.5 44.5 515
(G. berndti) 16.5 23.1 39.0 21.4 55.5 44.5 515
18.0 22.1 37.8 22.1 55.8 44.2 512.8
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1 16S rDNA 516bp
Fig.1 DNA sequences of mitochondrial 16S ribosomal DNA 516 bp of ten species of Gymnothorax.

... denote the nucleotide of this position is identical with the nucleotide of G. kidako in the upper row accordingly
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1 , 10 3 , 10 (
16S rDNA , ) 0.022~0.177,
516 bp , 0.022,
2.3 10 FPAR G 2 19 e AR TR AL FE B 0.177, 0.123;
MEGAS5.0 , - 10
10 1.732~5.830, 3.441
( 3) 2.0

x3 MHEXMEEESR

Tab.3 Pairwise distance matrix

R
G.pseu G.marg
Q.ﬁmb Dothrs  G.kidako G.ri.wp G.reticlaris Aritop G.bef— G.mélan G.hepa G.bre-
iatus . peliae dti ospilus tcus
oideus horus edeni
G.fimbriatus 3.175 1.937 1.788 3.452 3.060 2.194 3.306 3.109
Gpseudothyrsoideus 3.252 1.996 1.732 3.452 3.060 2.306 3.192 3.005
G.kidako 0.136 0.139 5.481 3.909 4.904 4.583 2.959 4.356 3.852
G.rueppeliae 0.121 0.123 0.052 4.187 4.623 4.004 2.600 3.432 2.896
G.reticularis 0.121 0.118 0.129 0.094 3.544 3.098 2.259 3.224 2.946
G.margaritophorus 0.164 0.164 0.168 0.160 0.177 4.709 3.330 5.830 4.845
G.berndti 0.141 0.141 0.147 0.132 0.134 0.103 2.737 5.241 4.476
G.melanospilus 0.145 0.150 0.146 0.148 0.155 0.141 0.146 3.806 2.844
G.hepaticus 0.087 0.085 0.108 0.108 0.129 0.138 0.113 0.137 2.708
G.breedeni 0.091 0.089 0.108 0.103 0.129 0.130 0.110 0.134 0.022
(17-18] 10 16S
rDNA : ClustalX 10 16S
2.4 10 HARMSE & X A G e 35 rDNA ( 10
NJ 2A) MP ’
( ) ( 819%,
2B ME 2C 1000
) ( ) 81%) 16S rDNA
(Bootstrap) ( 10
2 3
’ 80%,
; 10 80%) NJ MP
Sy s 16S rDNA
3 ‘Iﬂ'ﬁ’_\. [19]
1795 , Bloch Gymnothorax DNASP4.0 10
) (Parsimony informative sites)
12 (Singleton variable sites), 516
b b b b 10
s , 143 27.7%
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A 100 G. fimbriatus
70 —|:G. pseudo thyrsoideus
G. hepaticus
6 toman
G. melanospilus
75 G. margaritophorus
—80|:G. breedeni
G. reticularis
64 G. kidako
—97|:G. rueppeliae
A. marmorata
B 100 G. fimbriatus
—|: G. pseudo thyrsoideus
G. hepaticus
—99: G. berndti
G. melanospilus
63 G. margaritophorus
—65|: G. breedeni
G. reticularis
54 G. kidako
—89: G. rueppeliae
A. marmorata
C G. fimbriatus

73

76

— L

69

—l

2 16S rDNA

G. pseudo thyrsoideus
G. hepaticus

G. berndti

G. melanospilus

. margaritophorus
. breedeni

. reticularis

. kidako

Q Q Qa Q Q

. rueppeliae

A. marmorata

Fig. 2 Molecular phylogenetic trees based on 16S ribosomal DNA sequences data with bootstrap test

(BCL)

The values of Bootstrap confidence level (BCL)of the nodes are indicated above the branch

(two variants) 80 s (three variants) 7 ,
: (Parsimony , 3.441(C  3),
101 (Singleton A-C AT C-G
42 (two variants) 35 T-G , T-C A-G T C A G
Marine Sciences / Vol. 37, No. 6 /2013

21



R RE REPORTS

18.0% 22.1% 37.8% 22.1%,
A+T (55.8%) C+G (44.2%),
A , G (20]
NJ  MP ME
11 ,
10 ,NJ ME
3 b
(
64% 69%),
( 75%  76%),
( 70% 73%);  MP
( 54%),
(
63%), (
100%), (
99%) 10 ,
GenBank
, 9
(i 6 b
5 , [9]
6 (mtDNA-CO
) 6
mtDNA-CO [
16SrDNA PCR
2 ,
2 >
)[21]’
2
, 16S tDNA
16S rDNA
22 /2013

(1]

(2]

(3]

10 16S rDNA

, . [M].

, 1987: 99-108, 747-757.

: : [M].
, 1995: 18, 139-141.

Kochet T D, Thomas W K, Meger A, et al. Dynamics of

mitochondrial DNA evolution in animals: Amplification

and sequencing with conserved primers [J]. Proc Natl

Acad Sci USA, 1989, 86: 6190-6200.

Meyer A, Wilsom A C. Origin of tetrapods inferred

from their mitochondrial DNA affilitation to lungfish

[J1.J Mol Evol , 1990, 31: 359-364.

Irwin D M, KocherT D, Wilson A C. Evolution of the

cytochrome b gene of mammals [J]. J Mol Evol, 1991,

32: 128-144.

Wilson A C, Cann R L, Carr S M, et al. Mitochondrial

DNA and two perspectives on evolutionary genetics [J].

Biol J Linn Soc, 1985, 26: 375-400.

Martin A P, Bermingham E. Systematics and evolution

inferred from

Mol

of lower central American cichlid
analysis of cytochrome b gene sequences [J].
Phylogenet Evol, 1998, 9: 192-203.
Briolay J, Galtie rN, Brito R M, et al. Molecular phylogeny
of Cyprinidae inferred from cytochrome b DNA sequences
[J]. Mol Phylogenet Evol, 1998, 9: 100-108.

) ) , CO 1 DNA
1.
, 2011, 1(4): 321-326.
) ) , mtDNA-CO II
[J1. , 2010, 29(10): 605-609.
) > s Cyt b
6 ] )

2009, 16 (1): 24-30.
[M].
, 1984: 101-107.
Sambroo J, Fitch E, Maniatis T. Molecular Cloning: A
Laboratory Manual.2nd edn[M].New York: Cold Spring
Harbor Laboratory Press, 1989.

/6



R RE REPORTS

[14] Sambroo J, Fitch E, Maniatis T. Molecular Cloning; A
LaboratoryManual. 2nd ed[M]. New York: Cold Spring
Harbor Laboratory Press, 1989.

[15] Thompson J S, Gibson T J, Plewniak F, et al. The Clustal X
windows interface: Flexible strategies for multiple
sequences alignment aided by quality analysis tools [J].
Nucleic Acids Research, 1997, 25(24): 4876-4882.

[16] Tamura K, Peterson D, Peterson N, et al. MEGAS:
Molecular evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum parsimony
methods[J].Mol Biol Evol, 2011, 28(10): 2731-2739.

[7. ,2001, 47(4): 361-366.
[18] , , , .6 Cytb
[J1. , 2004, 23(4): 87-92.

[19] Zardoya R, Meyer A. Phylogenetic performance

mitochondrial protein coding genes in resolving relationship

among Vertebrates[J]. Mol Biol Evol, 1996, 13: 933-942.
[20] , , , 16S rDNA

30

[J1. , 2006, 52(3): 504-513.

[21] Vidal N, Lecointre G. Weighting and congruence: a case

study based on three mitochondrial genes in pitvipers

[17] , , o Cyth [J]. Mol Phyl Evol, 1998, 9(3): 366-374.

Analysis of the molecular phylogenetic relationships of 10
Gymnothorax species from China Seas based on 16S rDNA
fragment sequences

DU Min", YIN Shao-wu? LIU Yan-hong', NIU Bao-zhen',Ql Xing-zhu®, ZHANG
Ben®,LIAO Jing-qiu®*,HUO Rui®

(1. Key Lab for Quality, Efficient cultivation and Security Control of Crops in Colleges and University of
Yunnan province, Honghe University, Mengzi 661199,China; 2.College of Life Sciences, Nanjing Normal

University, Nanjing 210023, China; 3. College of Ocean, Hainan University, Key Laboratory of Tropical Biology
Resources, Ministry of Education, Haikou 570228, China )

Received: Nov.,12,2012

Key words: Gymnothorax; 16S ribosomal DNA; sequence comparison; genetic distances

Abstract: In order to evaluate the phylogenetic relationship of the gymnothorax from the China Seas, the 16S ri-
bosomal DNA of nine gymnothorax species were amplified using PCR techniques through connecting the desired
fragments to the T vector. 516 bp DNA fragments were obtained and the sequences were analyzed. The sequence
variation, base composition and genetic information indexes, including Kimura-2 parameter genetic distance and
Ts/Tv ratios, were generated using a suite of biology software. The 16S rDNA genes homologous sequences of
Gymnothorax were downloaded from GenBank and NJ (Neighbore-Joining), MP (Maximum Parsimony) and
ME(Minimum Evolution) trees were built through biological software based on these sequences and morphological
characteristics of Gymnothorax. Conclusions were drawn as follow: (1) Of the 516 aligned base pairs of ten Gym-
nothorax fishes studied, 143 nucleotide sites were variable, comprising 27.7% of the total base pairs. (2) It was
3.441 of the average transition/transversion ratio among all pair wise comparisons. The maximum pairwise nucleo-
tide divergence value among all taxa was 0.177 between G.reticlaris and G.margaritophorus, and the minimum
value was 0.022 between G.hepatcus and G.breedeni. (3) There are three parallel evolutionary sister clades existing
(with high bootstrap value support) in Gymnothorax based on NJ trees, ME trees. The species within three clades

seem to be irrelevant to their biogeographic distributions.
(R4 ki)
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